. 'Sei^cKing PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 10-065481 
(43)Date of publication of application : 06.03.1998 



1 

(51)lnt.CI. 




H03H 9/145 
H03H 9/25 
H03H 9/64 




(21)Appllcation number : 
(22}Date of filing: 


08-231492 
13.08.1998 


(71) Applicant 

(72) lnventor : 


: TOYO COMMUN EQUIP CO LTD 
HIROTA KAZUHIRO 
OGAWAYUJI 



(54) SURFACE ACOUSTIC WAVE FILTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the Increase in a loss and 
to obtain an excellent cut-off characteristic and an attenuation 
characteristic in the vicinity of high frequencies by connecting a 
resonator to terminals of IDTs at both sides among three interdigital 
transducers(IDTs). i . 

SOLUTION: A longitudinally coupled dual mode surface acoustic wave 
(SAW) filter (longitudinally coupled DMS filter) 1 of 3-IDT configuration 
is made up of IDTs 3, 4a, 4b and reflectors 5a, 5b. A pattern pitch, ^ 
number of electrodes and an interval of electrodes are selected to 
realize a desired pass band. A SAW resonator 2 is connected in series 
with an output tenmlnal obtained by connecting electrodes of the IDTs 
4a, 4b in parallel. The resonator 2 is made up of the IDT 6 in which 
electrode finger cross lengths to stimulate a surfaced acoustic wave 
are given a cosine type, weighting and reflectors 7a. 7b on its both 

sides. The resonance frequency of the resonator 2 is set to be in the pass band of the filter 1 and 
resonance frequency is set to be on the high frequency side of the pass band of the filter 1 . 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the increase In a loss and to obtain an 
excellent cut-off characteristic and an attenuation characteristic in the vicinity of 
high frequencies by connecting a resonator to terminals of IDTs at both sides 
among three Interdigital transducers(IDTs). 

SOLUTION: A longitudinally coupled dual mode surface acoustic wave(SAW) 
filter (longitudinally coupled DMS filter) 1 of 3-IDT configuration is made up of 
IDTs 3, 4a, 4b and reflectors 5a, 5b. A pattern pitch, number of electrodes and an 
interval of electrodes are selected to realize a desired pass band. A SAW 



resonator 2 is connected in series with an output terminal obtained by connecting 
electrodes of the IDTs 4a. 4b in parallel. The resonator 2 is made up of the IDT 6 
in which electrode finger cross lengths to stimulate a surfaced acoustic wave are 
given a cosine type, weighting and reflectors 7a, 7b on its both sides. The 
resonance frequency of the resonator 2 is set to be in the pass band of the filter 1 
and the anti-resonance frequency is set to be on the high frequency side of the 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has three IDT(s) arranged along the propagation direction of a 
surface acoustic wave on a piezo-electric substrate, and two reflectors arranged 
on these both sides of IDT. While connecting two IDT(s) of both sides to 
juxtaposition among said three IDT(s), IDT which carried out cosine mold 
weighting is connected to one of the connection terminals. And the surface 
acoustic wave filter characterized by having arranged the reflector on the both 
sides and setting antiresonant frequency as the pass band of said filter for the 
resonance frequency of this resonator rather than the pass band of said filter at a 
RF side. 

[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
using 36 rotation Y cut lithium tantalate for said piezo-electric substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface acoustic wave filter 
which has Improved the magnitude of attenuation by the side of a pass band cut- 
off characteristic and high region close attendants especially along the surface- 
wave propagation direction on three INTADIJITARU transducers (henceforth 
IDT), and this maximum outside of IDT about the surface acoustic wave filter 
(henceforth an SAW filter) which comes to arrange two reflectors on a piezo- 
electric substrate. 
[0002] 

[Description of the Prior Art] Since a surface acoustic wave has the various 
descriptions it is featureless to the conventional oscillating device - that the 
oscillating field is limited to a front face, and the amplitude and a phase can be 
designed separately - also in the field of a fundamental research, research also 
accomplishes an applied field energetically, and it is used for various kinds of 
equipments by current. Since it is suitable for small and mass production method 
it is strong and according to batch processing and low cost is expectable 
especially, it is mostly used for the latest mobile communications, especially the 
latest cellular phone. In Proc.of 1980 IEEE Ultrasonics Symposium pp.164-168. it 
is especially proposed by Rosenberg R.L. and Coldren L.A., and the vertical joint 
duplex mode SAW filter (henceforth a vertical joint DMS filter) of 3IDT 
configurations put in practical use by Morita. Watanabe and others in Institute of 
Electronics, Information and Communication Engineers technical report US-92-8 
is low loss, and the pass band has the outstanding description that it is flat and a 
cut-off can realize a steep property. 



[0003] The mimetic diagram of the vertical joint DMS filter of the 3above- 
mentioned IDT configurations is shown in drawing 5 . On the main front face of 
the piezo-electric substrate 8, a vertical joint DMS filter has the structure which 
approached and has arranged Reflectors 11a and 11b along the propagation 
direction on the maximum outside of IDT(s) 9, 10a, and 10b and this IDT, uses 
as an input terminal one side of the electrode with which IDT9 counters, and 
grounds another side, furthemiore, drawing 5 - like IDT(s) 10a and 10b 
common connection of one [ each ] electrode is made, it considers as an output 
temiinal, and the electrode of another side is grounded. Here, an input terminal 
and an output terminal may be decided for convenience, and may be replaced 
mutually. 

[0004] the optimal location and allocation of IDT(s) 9, 10a, and 10b and 
Reflectors 11a and lib shown in drawing 5 - the bottom of said IDT - an 
acoustic turnover - being generated - the result - two - it shuts up and the 
mode, i.e., the primary longitudinal mode and the Miyoshi longitudinal mode, is 
excited by stress. If the frequency in these modes is set to f 1 and fS, respectively, 
it will be f3<f1 and the vertical joint DMS filter of 2 (f1-f3) will be obtained [ center 
frequency ] for bandwidth by f1 . An example of the filtering property at the time of 
forming a vertical joint DMS filter on a 36-degree Y-X lithium tantalate (LiTa03) 
substrate at drawing 6 is shown. The unsymmetrical property produced in the 
high region side near the pass band is an essential fault spurious and peculiar to 
a vertical joint DMS filter decided by the logarithm of I/O IDT so that more clearly 
than drawing 6 . Only about 12-1 3dB, the spurious magnitude of attenuation 
does not exist, and when it is going to apply to RF filter for cellular phones with 
which the frequency of transmission and reception is close, it poses a big 
problem. 

[0005] As shown in drawing 7 as a means to solve spurious one near [ above- 
mentioned ] the pass band, the 1 terminal pair mold resonators 13 and 14 are 
connected to I/O of the vertical joint DMS filter 12 at a serial, and the proposal 
which is going to improve the magnitude of attenuation by the side of the high 



region near the pass band is performed using the attenuation pole constituted 
from antiresonant frequency of these resonators. (The 1994 SHINGAKUKAI 
autumn convention besides Nagatsuka, No.1, P.230, JPJ-30367,A, JPJ- 
86870.A) 

[0006] The above-mentioned improvement approach is explained using drawing 
8 . Drawing 8 R> 8 (a) shows the circuitry Fig. which connected the 1 terminal 
pair mold SAW resonator (henceforth a SAW resonator) to the serial, 
respectively to I/O of a vertical joint DMS filter (DMSF and brief sketch). Drawing 
8 (b) is what showed the filtering property (equivalent to drawing 6 R> 6) of said 
vertical joint DMS filter, and spurious one mentioned above to the high region 
side near the pass band has generated it. Drawing 8 (c) is what showed the 
transmission characteristic of a SAW resonator, and it means that an attenuation 
pole is generated in antiresonant frequency. The resonance frequency of this 
SAW resonator is set up so that it may be mostly in agreement with the pass 
band of said vertical joint DMS filter, and it sets up so that it may be mostly in 
agreement with the frequency in which spurious one in the high region side near 
the pass band of said vertical joint DMS filter generates antiresonant frequency 
further. Thus, if series connection of the SAW resonator which set up the 
frequency is can^ied out to a vertical joint DMS filter like drawing 8 (a), a 
comprehensive filtering property will turn into a property which has improved 
spurious one of a vertical joint DMS filter, as shown in drawing 8 (d). 
[0007] An example of the actual measurement of said SAW resonator is shown in 
drawing 9 . Drawing 9 (a) shows the Smith chart Fig. showing the frequency- 
impedance locus of a SAW resonator, the horizontal line of a diameter of circle 
expresses a resisted part (r), and the upper half of a circle expresses a fonvard 
reactance (+jx), and it expresses the reactance (-jx) negative in a lower half. That 
is, the frequency which crosses the horizontal line of a diameter is a frequency of 
phase zero, and the number wave number A of resonance or antiresonant 
frequency B is expressed. There is no locus which draws a circle by the RF 
close-attendants side of antiresonant frequency B, and the frequency-impedance 



characteristic of the SAW resonator which arranged the usual normal mold IDT 
has not produced resonance so that clearly from the Smith chart Fig. shown in 
drawing 9 (a). Moreover, measurement of the transmission characteristic of said 
SAW resonator shows the single peak response in antiresonant frequency, as 
shown in drawing 9 (b). The example of a filtering property of the filter constituted 
like drawing 7 using the resonator of such a normal mold IDT is shown in drawing 
10 . Bandwidth of a frequency is about 36MHz in about 1.5GHz. the SAW 
resonator which carries out series connection to a vertical joint DMS filter - either 
of the I/O of a piece or at least two pieces or more - one side - good - it could 
carry out and the frequency of resonators may be shifted mutually. 
[0008] Since the resonance frequency of the above-mentioned SAW resonator 
which carries out series connection usually sets up so that it may come in a filter 
pass band mostly, the increment in the loss in the passband by SAW resonator 
addition is small. However, if the resonant resistance of a SAW resonator is the 
order which is about 1ohm at all and series connection of two or more resonators 
is carried out, it is clear to cause the increment in loss and to become a problem. 
Moreover, at the antiresonance point of one resonator, since the frequency range 
which can keep attenuation large is narrow, in the case of circuitry like drawing 7 , 
it is common to shift the antiresonant frequency of two resonators a little mutually, 
and to arrange it, but the increment in loss of a pass band becomes twice 
[ about ] in the case of a resonator piece in this case. 
[0009] Drawing 10 is the example of a filtering property of a configuration of 
having carried out series connection of the SAW resonator to each input/output 
terminal of a vertical joint DMS filter like drawing 7 , and has connected the SAW 
resonator with a low frequency to the center IDT (input) side shown in drawing 7 . 
Although the spurious magnitude of attenuation in the RF side of a pass band 
has improved, a cut-off characteristic is not smooth and a part like a plateau 
remains. If the antiresonant frequency of said SAW resonator is made to 
approach a filter pass band side further in order to remove spurious one like this 
plateau, it will become the property that the right shoulder of a pass band 



property is missing like ** shown in drawing 1 1 . 
[0010] 

[Problem(s) to be Solved by the Invention] However, in the magnitude-of- 
attenuation improvement by the series connection of the conventional SAW 
resonator, when the magnitude of attenuation was secured in the to some extent 
large range, two or more SAW resonators which shifted antiresonant frequency 
were needed. Moreover, frequency relation of the height of the SAW resonator 
linked to each input/output tenninal of a vertical joint DMS filter might not be 
specified, and a cut-off characteristic might not become smooth by the case, but 
the right shoulder of a filter pass band property might be missing. This invention 
is made in order to remove these faults, in a frequency range larger than before, 
the fixed magnitude of attenuation is secured by one resonator, and it aims at 
minimizing the increment in loss of a pass band, and offering the surface 
acoustic wave filter which has a good cut-off characteristic. 
[0011] 

[The means for solving invention] This invention in order to attain the above- 
mentioned purpose in claim 1 Two reflectors are arranged along the propagation 
direction of a surface acoustic wave on the maximum outside of three IDT(s) and 
this IDT on a pfezo-electric substrate. Central IDT in an input terminal and the 
surface acousfic wave filter of both sides which carried out parallel connection of 
the two IDT(s), and was made into the output terminal to a serial It is the surface 
acoustic wave filter which connected the 1 temriinal pair mold surface acoustic 
wave resonator which consists of IDT which carried out cosine mold weighting, 
and a reflector of the both sides, and has arranged antiresonant frequency for the 
resonance frequency of this resonator rather than the pass band of said filter to 
the pass band of said filter at the RF side. Furthermore, in claim 2, it is the 
surface acoustic wave filter which used 36 rotation Y cut lithium tantalate for the 
piezo-electric substrate. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail 



based on the gestalt and experimental result of operation which were shown in 
the drawing. Drawing 1 is the mimetic diagram of the IDT electrode in which the 
configuration of this invention was shown, the vertical joint DMS filter 1 which 
consists of 3IDT(s) constituted from IDT(s) 3, 4a, and 4b and reflectors 5a and 5b 
of this maximum outside of IDT Is the same as that of the conventional thing, and 
the pitch of a pattern, an electrode number, spacing of each electrode, etc. are 
chosen so that a desired pass band may be realized. Using one electrode of the 
center IDT3 of the vertical joint DMS filter 1 as an input terminal, an other-end 
child grounds. Moreover, parallel connection of one [ each ] electrode of IDT(s) 
4a and 4b is carried out. it considers as an output terminal, and each other-end 
child is grounded. Furthermore, the SAW resonator 2 is connected to said output 
tenminal at a serial. The SAW resonator 2 consists of IDT6 in which the 
decussation length of the electrode finger which excites SAW did cosine (cos) 
mold weighting, and reflectors 7a and 7b of the both sides. Moreover, these 
[ IDT ] and the electrode pattern of a reflector are produced with aluminum or an 
aluminium alloy on the principal plane of a piezo-electric substrate. 
[0013] The main point of this Invention makes a cosine configuration the 
electrode finger decussation length of IDT of a SAW resonator who connects with 
a vertical joint DMS filter at a serial, and are the comprehensive filtering property 
of a filter, and improving the improvement of the magnitude of attenuation by the 
side of the RF near the pass band, and the cut-off characteristic of a pass band 
especially. The advantage at the time of connecting the advantage and SAW 
resonator at the time of giving cosine mold weighting or weighting near this to 
IDT6 to the both-sides IDT (output) side of a filter 1 is explained. The 
measurement result of a SAW resonator which becomes this invention at 
drawing 2 is shown. Drawing 2 (a) is the Smith chart Fig. of the frequency- 
impedance characteristic at the time of producing the SAW resonator 2 on a 36- 
degree Y-X lithium tantalate (LiTa03) substrate, and has the locus which draws a 
small circle near antiresonant frequency B. It is clear that small resonance of Q 
exists in a frequency somewhat higher than antiresonant frequency B from 



from a configuration of drawing 1 , i.e.. a vertical joint DMS filter and one SAW 
resonator, and the decussation finger of a SAW resonator was obtained using 
IDT of a cosine configuration, and it has realized the steep cut-off characteristic, 
without the right shoulder of a filter pass band being missing. Although especially 
the filtering property is not illustrated since a filter shape is common knowledge, 
compared with the case where the SAW resonator of the nonmal mold IDT is 
used, a cut-off characteristic is steep, its attenuation with antiresonant frequency 
is large, and about 5dB also of attenuation has also improved it from 4 on the 
frequency higher than antiresonant frequency. Moreover, the filtering property at 
the time of connecting with the center IDT3 (input) side of drawing 1 is shown in 
drawing 4 instead of connecting one SAW resonator 2 to both sides IDT. If a 
SAW resonator is connected to a center IDT3 (input) side with reference to 
drawing 4 so that clearly, the cut-off characteristic by the side of the high region 
near the pass band will not become smooth, but a DIP as shown In drawing 4 will 
appear. Furthermore, when antiresonant frequency approaches a pass band, a 
pass band quantity region side will be missing, and it will be more roundish. 
[0016] The difference in the filtering property which was shown in a filtering 
property and drawing 4 with what [ good ] is shown in drawing 3 and which 
deteriorated has unsymmetrical I/O of a filter, and since the impedance 
characteristics of I/O differ, it takes place. Although the Prior art had not shown 
clearly whether the SAW resonator which carries out series connection should be 
connected to which [ by the side of IDT3 of the vertical joint DMS filter 1 , or 
common connection of IDT(s) 4a and 4b ] side, it has realized a good property 
like example drawing 3 for this clearly in this invention. That is, when connecting 
two or more SAW resonators to a vertical joint DMS filter at a serial and raising 
the attenuation by the side of the RF near the pass band, if a resonator with low 
antiresonant frequency is connected to the common terminal of IDT(s) 4a and 4b 
and a resonator with high antiresonant frequency is connected to the common 
terminal of IDT(s) 4a and 4b. or IDT3, a cut-off characteristic will not become 
round but will turn into a steep cut-off characteristic. When series connection of 



drawing 2 (a). The frequency-impedance characteristic of the SAW resonator at 
the time of not giving weighting to IDT6 but on the other hand, considering as a 
normal mold does not show resonance as drawing 9 (a) mentioned above. It 
turns out that drawing 2 (b) is the transmission characteristic of the SAW 
resonator which carried out said cosine configuration weighting, the high region 
side of antiresonant frequency has small resonance also from this Fig., and the 
damping property is broad compared with drawing 9 (b) by this. 
[0014] The manufacture terms and conditions of the SAW resonator in which a 
decussation finger Is cosine configuration weighting and had the property of 
drawing 2 R> 2, and the SAW resonator which had thq property of drawing 9 with 
the conventional normal mold IDT are made completely the same. Moreover, in 
the SAW resonator of the conventional normal mold IDT, as shown in drawing 9 
(a), there are few amounts of reflection by the side of the high region of the pass 
band containing antiresonant frequency B, compared with drawing 2 (a), 
antiresonance is shallow, I.e., it turns out that the impedance of antiresonance Is 
small. When the difference among these properties carries out series connection 
of the SAW resonator to a vertical joint DMS filter and uses It for it for a damping- 
property improvement, It appears as a difference of the superiority or Inferiority of 
the attenuation by the side of the RF near the pass band. Namely, in the SAW 
resonator which becomes this Invention shown in drawing 1 , as shown in 
drawing 2 , compared with the case where the SAW resonator which has the 
conventional property is used, the magnitude of attenuation can be earned in the 
larger range for the existence of small resonance to the RF side near the 
antiresonant frequency B. Furthermore, if the SAW resonator which has a 
property as shown in drawing is used, the amount of reflection by the side of the 
high region containing antiresonant frequency B will become large, and since a 
steeper cut-off characteristic and deep antiresonance, i.e., the neighboring 
impedance of antiresonant frequency B, are large, high attenuation can be 
obtained. 

[0015] Drawing 3 is the example of a filtering property from which It constituted 



the resonator with a frequency higher than the SAW resonator 2 is further carried 
out to the vertical joint DMS filter 1 of drawing 1 (concatenation is sufficient also 
as Center IDT side at a resonator 2) and the increment in the magnitude of 
attenuation is expected in it, since [ of a pass band ] the nearby cut-off 
characteristic is mostly determined by the resonator 2, whenever [ steep ] hardly 
changes to it with the case of drawing 1 very much. That is, with the filter 
configuration shown in drawing 1 , when raising whenever [ by the side of the 
high region near the pass band / steep ], if near attenuation level is obtained with 
the configuration of a resonator piece, it is not necessary to add a resonator 
further. If it adds, in a pass band, the increment in the loss for resonant 
resistance of a resonator will be caused on the contrary as usual. 
[0017] In the property of the 3IDT length joint DMS filter simple substance shown 
in drawing 6 , the average insertion loss in the property of drawing 3 using the 
SAW resonator piece which becomes this invention is suppressed by the 
increment (1.8dB and only O.SdB) to the average insertion loss within the about 
35MHz bandwidth of pass bands being 1.5dB. However, in order to secure the 
magnitude of attenuation by the side of the RF near the pass band, when two 
SAW resonators by which the conventional proposal is made are used, as shown 
in drawing 10 , an average insertion loss will increase to 2.2dB. Received 
frequency is approaching [ transmit frequencies ] very much with 1477-1501 MHz 
to 1429-1453MH2, and a domestic digital cellular phone (PDC) has the 
attenuation demand mentioned above especially in RF filter of a transmitting side. 
Since it is a big prerequisite that it is low loss, when it is going to realize this to 
coincidence by the SAW filter, it can be told to it that the configuration of drawing 
1 in this invention is very effective. 

[0018] In addition, the weighting configuration of the resonator in this invention is 
not what was restricted to the cosine (cos) mold, and if it has an ellipse or a 
similar form, effectiveness almost equivalent to having mentioned above will be 
acquired. Moreover, even if it connects a resonator with antiresonant frequency 
high further more to the configuration of this invention shown in drawing 1 at 



Center IDT side, the outstanding cut-off characteristic in this invention is 
maintained, and can expect the increment in the magnitude of attenuation. 
[0019] 

[Effect of the Invention] This invention is set in the SAW length joint duplex mode 
type filter of 31 DT configurations. By connecting a resonator to the parallel 
connection terminal of both sides IDT at a serial, after taking an I/O impedance 
into consideration, and giving cosine (cos) or similar weighting to IDT of the 
resonator A deeper large antiresonance damping property can be acquired and 
the SAW filter which suppresses the increment in loss to minimum as a result, 
and has a damping property by the side of a good cut-off and high region close 
attendants can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of a configuration of improving the quantity 
region side magnitude of attenuation near the pass band of 31 DT duplex mode 
SAW filter proposed by this invention. 

[Drawing 2] The Smith chart Fig. of the example of an impedance characteristic 



of the series-connection cos weighting resonator for the filter magnitude-of- 
attenuation Improvement which proposes (a) by this invention, and this drawing 
(b) are the examples of a transmission characteristic of said resonator. 
[Drawing 3] It is the example of frequency characteristics of 31 DT duplex mode 
SAW filter which gave the improvement proposed by this invention. 
[Drawing 4] It is the example of frequency characteristics at the time of carrying 
out series connection of the resonator to Center IDT side which suited the 
conventional proposal. 

[Drawing 5] It is the mimetic diagram showing the configuration of 31 DT duplex 
mode SAW filter put in practical use as a conventional technique. 
[Drawing 6] It is an example of frequency characteristics in the conventional 3IDT 
duplex mode SAW filter simple substance. 

[Drawing 7] It is the mimetic diagram showing the configuration of the 3IDT 
duplex mode SAW filter property improving method by the resonator series 
connection by which the conventional proposal is made. 
[Drawing 8] It is the mimetic diagram showing the principle of the method of 3IDT 
duplex mode SAW filter property improvement by resonator series connection. 
[Drawing 9] (a) is the Smith chart Fig. of the impedance characteristic of the 
usual normal mold resonator, and (b) is the example of a transmission 
characteristic of said resonator. 

[Drawing 10] Although it connected in the center IDT among the resonators 
linked to both I/O in the example of frequency characteristics of the filter shape 
improvement by which the conventional proposal is made, it is a filter, when fa is 
low and its direction is close to a filter pass band. 

[Drawing 1 1] in drawing 10 , it is the same in both the antiresonant frequency of 
both resonators - the example of a property at the time of bringing close to a ** 
filter pass band. 
[Description of Notations] 

1 31 DT Length Joint Duplex Mode Filter 

2 One Terminal Pair Mold SAW Resonator of Cosine Mold Weighting 



Decussation Finger Electrode 

3, 4a, 4b, 6 IDT 

5a, 5b, 7a, 7b Reflector 
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[Drawing 1] 




[Drawing 2] 
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[Drawing 7] 
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[Drawing 8] 
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oTEiaLAcH{B<^ I DT<i:K I DT(DP5iS!lCESLAc 
[0 0 0 1] 

T. sAw^^^wrj't^'^) \zm\^. mzmm^tiyv 

[0 0 0 2) 

v^^oy\m] '^^mM^\t^<omm^m^^mzm'& 
^n^z,t. mmtmi^mm\zWL^xB^:iti^. 

'SMm^oy^mxh^^m(r>^mx^n:hm\zm^ii^^^ 

f\^m. m'^xhKi j^y'^^m^z^^xm^mszmLx^^^ 

mmz^i»mhmz\t^<^m^nx^^^. mz. Pro 

c. of 1980 IEEE Ultrasonics Symposium pp. I64-I68(C 
*5^>T, Rosenberg R.L *5cfct/CoIdren LA. (Ci:oTS 

\Z^^X%mit^titzZ I DTei^0!)ffl^fe'&2M^-K 

^^^mmx^^tii-^o^nit^m^^^xy,^^. 

[0 0 0 3] ±ge(^)3 I DT*»figC0^J^^DMS7^;l. 

fflSffi8«)^^ffitC, g«R:;^|6)lc:iBoTI DT9, 10 
a. 1 0 b^ctt;^ I DTO^^I^ilJJzSW^l 1 a, 1 
1 b€:jfic^LTE@L/tfii|ii^WU. I DT9<0?trfil-r 
seffi<D-:^^A:^iSl^i:L, W5^}[^^r^. 5Etr. 

@5<oj:3fr I DT 1 0 a, 1 0 b^n^'no-:^©^ 
"c^o. 'K\^^\zKnmxx^tf^^f>ts.^^. 

[0 0 0 4] iaSfC^-ri DT9» 1 0 a2S^t;i 0 hi: 
1 aRD^l 1 bc^igiESnEtCcfcoT^tSI DT 
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^. cne^ot- Ka>^a»$^n^n f 1 1 f a i:"r 
2 {fi-f3) (om^t^^uusy ^ )V9m%^n^. 

06(C. 3 6ffiY-X»j^«:?A^>^U-h { LlTa 

O3) S«±t'^l^^DMS7>f ;i/:57$j|^)5JtL;t«^C0St 

i&m<o-mm.m\z±'rhi^i^^^mt. xm^ i dt©^ 

it*W<D^."^Tfe5. -E-O;5;>^U7XC0i^^S«l 2-1 

[0 0 0 5] ±iBiiii^iae^<oxyu7;^^»ft-r^^ 

Am:^«c-iS8^^>ttSl^li^l 3, 1 4^il^J(cmi^L. 

20 ^?i^fft)nTl>^o (:gi^ftS, 1 9 94^fi^^tk^:^ 
No. I. p. 230, ^^W- 7-3 0 3 6 7. ^mW- 7-8 
6 8 7 0) 

[0 0 0 6] ±.^^m^fk^m%^m\^^xmm-t^o m 

8 (a) tiJ^i^^DMS7-f;i/5^ (DM S F tBSie) <0 

0 8 (b) liWfSiSfJfe^DMS 7^ 
l/fexyU7X;&«%±UTl'>S. 08 (c) «SAW^t 

^nmf^^±^^z,t^m\^x^^^. ^SAW^^^(^)^ 
fiffl»»^M3E«Ete^DM S 7 -f ;U^<DiiiSa<!:««- 

DM S 7^ ;U:$'c^ISia^iftg|c^SJ^§J{C^SAy U 7X 

ct^lC/^ifeSc-Sr^^Ly^SAW^^^Sr. 0 8 (a) 
ct^tC, fiEfe^DMS7^;U:$^lCiI3riJ«^f ^<i:> 

a9«f*tett@8 (d) c^-r«fc7tc. aEi$'&DMS7>f 

40 [0 0 0 7] 09 IC, a9gaSAW^M^(;0*lD<lO!>-«fil 
€:^"r. 0 9 (a) ltSAW^lgT(Ojl»»-<>br- 

> A«l©)^$:S-r A ^ - h 0 LZz t)<OTS 
0. RC0ii[ScO7K¥lltiSin[53^ (r) ^^L. R0±^^ 
^»ii£(^'J7^t$'>X (+ j x) T¥5^«ft<0 
U7^5^>X (-jx) $SELTtri'5. fiP"^, iIS<Z)7K 

^A^^lUi^^^i^S^^&B^^-To iil^OiE^SSi I D 
T ^£iSig: L/S: S A W^^Jg^O|^«[Sc- > t;-:5^>X4* 
09 (a) SZTT^TTs^T.J'^-hmii^^hmibf)^ 
50 /^.t^tC. J£^^J^ig:ScB(7)i^j^i^ffiiJig^-CR$:«5<cfc 



3 

y^^m^<o&m^^^m^r^tm9 (b) 

(0 0 0 8) m^mm-r^^ms Awp^m'Fo^mm^ 
mt. m^. is,\^y>()u^mj&i^mzu^^o\zwt&f 

imr^t. m^omm^^rz[ymmtr£^ct\m6 
i}^x&^. io<D*S^a)S*fi.^"e«:, 
±t<^x^mf^^mmt>m^'^(r>x. m7(omrs.js\^m 
^oym"^. 2'D(o^m'f'(OK^mm^^^B.\i'^\z'p\.'r 
^hx^^f^m'^-imxi^^m. mmm 

(0 0 09) 01 o«. mi (o^^\zm^^Y>usy ^ 

tzm^o^m'im'^mx^^ . ^a»ofii>sAw^fig^ 
^mi \z7r^r^^\DT ( A*) m\zmm,\yX^^^. 
m^mo>i^m\^m\zi^^7.'y^) T7.0mnm\tAm^n 

iti!b\z. ^msAv>f^m=f-(r>K^mnmL^'^^\zy^ 
)V^mmi$.m\Zi&^^'^^h. mi i\Z7i^t^(r>J;:^\z 

CO 0 1 0) 

s A^i^mi'o^um^mz^^^nm^mx^t. 

'^^m^m^(DWimM%^m^\.x^^r. 

^^^<D:&mt)^^^f^;itf)^horzo ^mm\tcnib(o 
xj^s^m^r^^\zfx^tirzh(ox$>r>x. ^ig^io 

r;, mu^yh:ty^^^:nr^w^aimmiky^^^ 

(0 0 11) 

mm^m^-r^rztbco^m ±BE^^m^r^rzib 
®<o^w^$:Eisi.> 't'^co I DT^A:^i^^. mm<r> 
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^ji^^zmmz. ^-^r-iymm^nn^Lfzi DTt^ 
\z. m^m2x\t. E®sffi*ci5ife3 6a[Y«5'>^;i/ 

(0 0 12) 

10 0mmtmf!ki^mt\zm^\^^xmm\ztstm-r^. mi\t 

^^m<omfSi^7F^ U;t I D Tm^O^^ST^ 0 , ID 
T3. 4a&t;4bJ:D«lfi£-r^3 IDTt, g[IDT 

MS7>r>ll^5' 1«. S£*CDt)(7)<tl^^T^0. /t^-> 

I DT4 a&t/4 bo-^-n^'nto 
-:^o>Mm^mmmi.xmij«&^tL. 

1r2^\Emzmmt^. SAW^ffi^2«. SAW<&ib 
l!|-r^Sffi*&(D35^g7&^3iJ'-f > (cos) ^Si^^^f^f^t 

^ - > fd:JEIgSffi C0^ffi± IC 7 ;P ^ A ^ ?t « 7 ;!/ ^ 
10 0 1 3] i^^m<0^j^Jt. m^'^DMSy^)V^\Z 

mmz^^t^sAw^^mi-o) i oTcommm^^^^ 
:n-^^>mmzLx^ y^ji^^om^^mi&^it. mz. 

^y^^^^mr^ctxh^o iDTscuifoM 

^^z^SAyN^m'f'^y^)i^\<Dmm\DT (« 

JC, *%5«*cni:«»SAW^ii^0>i!I«j|g^$^-ro 1^2 
(a) J^. SAW^M^2 $:3 6SY-XU5''^A^> 
^U-h (LiTaOa) Sffi±tCf^©Lfc«^C0^ig^»--f 

^^B(Di^}Ex^h^uF]^m<mmi)^$>^. m2 ca) 
mz^iEt^zit\m^f>^x^^. iDTGJcs 

$ ■I'iE^S' ^: L Acii ^0 S A W^li^<7>^» 
»:-<>tr-^>Ai|#14li. ±j^L;^cia9 (a) OiiO 
^ti^^LTi.^;ku. 02 (b) \m^zi'^^>m^m 
*Wt^LfcSAW«®i^<DfKSI1*tt-efeO. 

t>> ^^mmi^^<D^m\\zn^^u^mt>^^o . cti\z 

(0014) ^Kt^f)^^'^-f >m^m^m'fx$>':>xm 
50 2(D^^^h'orzSAw^m^t. '^iik(ojEmm\Dr 
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^^tsm}^i$,<7)Wimm'V0K^m/)^'Mu<. 02 (a) 

S«iE®B*0^t brans. fip-S. 01IC^L/i:* • 

^m\zu^s Aw^mi'xit. m2\z7ik'tm\z&^mm 10 

Ol2:v^ffifflT«gS$:;6^-tJ:<c:t7!>^T€r'£). MJC. m\Z 
ir^t^otJ:¥fi^^^-r^SAV/pim'i'^m^^^tKiikm 

too 1 5] astt, mKomnnw^. mt^^Dusy 
>())^^timoysAw^m'¥'txm^L. aosAw^ 20 

f^m^m^x^<b(ox. mzmwi^^^m7^Lx:^\*^ 
f)^. JEmmlDT0SA^Ni^m^^m^rzm^ttt^ 

miDT\zmmt^Rt>r)^z. 0100**1073 (a 

ti) m\zmmLrzm'^(Dm^^i!k^m4iZ7rkr. m4^ 30 

#HBUT^€>;»!>^/<CcfcO(C. SAW^fi^^^'^I DT3 

mtii>. wiz. &^mm&ikt>m'^mzi&':f\,^ftm^. 

10 0 16) 0 3lC^TO^«F;^it&i^#14^04tc^L 

ftiT^D. xmi3(o-f >}f-y>:?^^i^i)imu^fttb\z 
isc^. vt^(D^'^\t. n^j^^-rssAw^^^^. 

iKfe^DMS7w';U5'lC0I DT3tK fe-St^WilDT 40 

liJI^S»OfiVi#^^^^ I D T 4 a <?: 4 b CO^iiJ^^tC 
ttSXL, I DT4 a<h4b 

te^DMS7^;U5^ 1 IC, SAW^tli^ 2 J; Ot>i^ft» 50 
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(o^^^i^mT^^ibizmw&mLx i^^iormxh 
P^mf'2izwtmxh^i^^) . ^nm(^mm^M.^/otzi& 
aia«a)r<ififficD:^y h^7i#ttn«fi?^2(ci 
'Dxmm'^^tix^'^^rztb. si^s«0i<o«^i« 

^±tfs«^, @iic^r7-f;P:$^«fR-e«*^ig^-ii 

[0 0 17] @6(C^LXi3 1 DT«te^DMS7-f ;P 
^m(*<0«rttT?«. iijai«*5l3 5MHzA>Ki!iF^T© 

S S AW^M^-fS^ffl (r^/tS 3 (Df^&XOW-i^mxm 
*fil. 8dB<h^3rA^0. 3dB(;)iiJlDlC«I^6nT 

t(e**^S^nTi.^sz:ii(^SAW^g^^ffli.^ 
fzm^. mi 0\Z7f;t<ko\Z^i^WAm^\t 2. 2dB 
STlillPUTL*^. HrtxS^i'iPWffiSg (PDC) 
^mmi^^f)^! 4 2 9-1 4 5 3MH2 tC^^L. § 

mm&sci>n4 77-150 iMHzt^^icftiftLT 

h^. mmz. tim^xh^ctt)^:kttmm^n^x^ 
^(ox\ cti^SAy/y>()vsrx^mLJ:z>t't^m 
*^^m\z^^-f^mi<Dmmmibx^iibx$>^tm 

[0 0 18] Tji^. ^^miz^^-f^^mTom^mm 
mt. ntfo (cos) m^zmo rzh0x\ty3:<. m 

[00 19] 

[5i^©a^] *!R!Wi, 3 I DT«l^<^SAWja[|g^ 

(cos) ^rz\mmo)m^m^^mrct\z^^x. 
^K>m<n:^^K^musi^i^^m^h(ox\ t^^tbx 
m^(Dmm^WL&mzv\^^. jl^, ^t^utiyh^y^ 
j:zj^mmmm<omnn&^^ir^ s Awy^jv^t^in 
mr^z:tf)^xt^. 

mi] *^^mxmm-r^3 1 DT2fl^-HSAW7 

[02] (a) \t. ^^mxm^r^y4)v^^^mA 

m<Drztb(om^Mf^c o ss^Mtt^®^(o^>e-3^ 
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[03] *mmvmmt^A»^^Lrz3 idt2®^ 

[04] S£*g^(C^o^c. DTffliJJC*li^$fi 

ms] se^ftwtLmfflit^tiTiri-sa i DT2ffl 

(061 («*<Z)3 I DT2S^-KSAW7>f;i/^m* 

[0 7] t«*^^$nT(/^^^MTiI^J«^^IC^^3 I 
D T 2 m^- K S A W7 ^ ;U^**ttefelltt<7>«!fiE$^-r 

[08] PkU'f-m.mt^miZX^S I DT2S^-KSA 

[09] (a) ttasr<oiE«^^ts^<D^>b:-y>x 
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(01 1] 0ioic:fet^T. m^m^o^nmm'A^^ 

1 3 I DT^j(E^^z:S^-K7^;i'^- 

2 n U-f >Slfi^f*ttS!XmSffiO-^^«S! S A 

3, 4 a. 4 b. 6 IDT 
5a, 5b. 7 a, 7 b RW§g 
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